Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



© Publication number: 



0 352 709 

A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 89113618.6 © Int. CI .«: B24B 19/22 



<§) Date of filing: 24.07.89 



© Priority: 26.07-88 JP 184751/88 


© Applicant: NIPPON TELEGRAPH AND 


27.07.88 JP 185357/88 


TELEPHONE CORPORATION 




1-6 Uchisaiwaicho 1-chome Chiyoda-ku 


© Date of publication of application: 


Tokyo(JP) 


31.01.90 Bulletin 90/05 




® Designated Contracting States: 


© Inventor: Watanabe, JunJI 


3-33-20, Tsudacho 


CH DE FR GB LI SE 


Kodaira-shi Tokyo(JP) 




Inventor: Saitoh, Tadao 




3-29-18, Maeharacho 




Koganei-shi Tokyo(JP) 




inventor: Matsunaga, Kazuo 




3526-3, Kawajiri Shiroyamamachi 




Tsukui-gun Kanagawa(JP) 




© Representative: von Samson-Himmelstjerna, 




Friedrich R. Dipl.-Phys. et al 




Samson & Bulow Widenmayerstrasse 5/I 




D-8000 Munchen 22(DE) 



© Method and apparatus for forming curved surface. 



© In a method and apparatus for forming a curved surface, a polishing plate consisting of a film-like elastic 
member is supported at two positions, i.e., central and peripheral portions thereof, and is rotated while two 
cylinders having different heights and diameters are urged upward against portions between the central and 
peripheral portions of the polishing plate, and an object to be processed is urged downward against a surface 
formed between the two cylinders while the object is rotated, thereby forming a curved surface. 
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Method and Apparatus for Forming Curved Surface 
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Brief Description of the Drawings 

Fig. 1 is a view showing a schematic arrangement of a processing apparatus according to an 
embodiment of the present invention; 
s Fig. 2 is a view for explaining an operation of polishing by using the apparatus in Fig. 1 ; 

Fig. 3 is a partially cutaway side view showing an optica! fiber connector in Fig. 1 in more detail; 

Fig. 4 is a graph showing curvature radius/indentation depth characteristics when a conventional flat 
polishing plate is used; 

Fig. 5 is a graph showing curvature radius/polishing plate inclination angle characteristics when an 
w inclined polishing plate of the present invention is used; 

Figs. 6A and 6B are views each showing a pressure distribution at a contact portion between a 
polishing plate and an object to be processed according to one of the conventional techniques; 

Figs. 7A and 7B are views showing ways of giving forward/reverse rotation to an optical fiber 
connector according to a conventional system and the present invention; 
15 Fig. 8 is a view showing a control pattern for forward/reverse rotation driving of an object to be 

processed; and 

Figs. 9 and 10 are sectional views showing modifications of the present invention. 
Description of the Preferred Embodiments 

20 

Fig. 1 shows a curved surface forming apparatus according to an embodiment of the present invention, 
more specifically a polishing apparatus for processing an end face of an optical fiber into a curved surface. 
Referring to Fig. 1, a polishing plate 12 consists of a film-like elastic member. A peripheral portion of the 
polishing plate 12 is fixed on a vertical flange formed on a peripheral portion of a rotary base 21 together 

25 with a stationary ring 22. In this case, the peripheral portion 12 is fixed to the peripheral portion of the rotary 
base 21 by screws or an adhesive agent. A shaft portion 21a in which a shaft hole for storing a tension 
applying shaft 23 is formed is formed in a central portion of the rotary base 1 . Outer and inner cylinders 25 
and 26 having different diameters are concentrically arranged on an upper surface surrounded by the 
vertical flange formed on the peripheral portion of the rotary plate 21. In this embodiment the position of 

30 the outer cylinder 25 is physically defined by a positioning level difference 21b formed on the upper surface 
of the rotary base 21. However, the inner cylinder 26 may also be positioned by a level difference or a 
groove formed in the rotary base 21 . 

The tension applying shaft 23 is fixed at penter of the polishing plate 12 by a central fixing plate 24. 
A flange 23a is formed on the shaft 23 at€ ^ositioW^rr^ the lower end of the shaft portion 21a. 

35 A coil spring 31a is arranged between the flange 23a and the lower end face of the shaft portion 21a An 
axis c of the shaft 23 and the outer and inner cylinders 25 and 26 are coaxially arranged. 

In this case, the length (height) of the outer cylinder 25 is set to be different from that of the inner 
cylinder 26. In this embodiment, the outer cylinder 25 is higher than the inner cylinder 26. Therefore, as is 
apparent from Fig. 1, the polishing plate 12 is tightly stretched while descending toward the centripetal 

40 direction, i.e., inclined in the form of a V or esrthenware-like shape. The outer and inner cylinders 25 and 26 
freely support the polishing plate 12 from the lower direction. The shaft portion 21a of the rotary base 21 is 
rotatably supported by a bearing 27._The shaft portion 21a is coupled to the shaft of a motor 100 through a 
pulley 28 mounted on the lower end of the shaft portion 21 and a belt 29 looped around the pulley 28 and a 
pulley 101. A long groove 23a is axially formed in the tension applying shaft 23. A pin 30 extending from 

45 the shaft portion 21a of the rotary base 21 is engaged with the groove 23a. With this arrangement a 
rotational force can be transmitted to the shaft 23 while the shaft 23 can slide in the axial direction. 
Therefore, a tension can be applied to the tension applying shaft 23 in a direction indicated by a thick arrow 
so as to set the tension of the polishing plate 12 constant even while the shaft 23 is rotated. 

A material for the polishing plate 12 used in this embodiment is a cellulose resin containing a fiber 

so element as a major component or a composite resin containing a cellulose resin. The fiber element 
contains cellulose as a matrix 

In this case, the cellulose resin containing a fiber element as a major component, which contains 
cellulose as a matrix, is a resin-like material containing a fiber element consisting of cellulose as a matrix. 
This material is preferably obtained by blending 10 to 50 wt% of camphor and 20 to 60 wt% of ethanol with 

55 10 to 90 wt% of fiber elements. 

In addition, in this case, the fiber element consisting of cellulose as a matrix is cellulose nitrate, 
cellulose acetate, or the like. Such a fiber element contains a hydroxyl group as a functional group as 
indicated by the following chemical formula: 

3 
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Therefore, the cellulose resin containing such a fiber element as a major component has very good 
wettability with respect to water. In spite of the fact that the above resin contains a hydroxyl group, it is not 
dissolved in water but slightly swelled in an alkali. In contrast to this, sines conventionally used polyvinyl 
chloride, nylon, and fluorine hard resins contain no hydroxyl group, they are poor in wettability For 
example, their contact angles as a measure of wettability are compared. The cellulose resin used in the 
present invention has a contact angle of about 60 ' . whereas a polyvinyl chloride resin has a contact angle 
of 87 ; a nylon resin. 70 ; and a fluoroplatic. 90* or more. As described above, the cellulose resin used in 
the present invention has good wettability unlike the conventional resins. Since the polishing plate 12 
consists of the above cellulose resin, a uniform effect of an abrasive liquid 115 can be expected with 
respect to a surface to be processed, thus obtaining good processing characteristics. Note that the 
polishing plate 12 preferably has a surface roughness of 2 to 50 urn. 

The composite resin containing a cellulose resin is a cellulose resin containing a powder and particles 
of one of a nylon resin, a foamed polyurethane resin, a vinyl chloride resin, and a fluoroplastic or a resin 
containing 20 wt% or less of a fiber. 

In this case, an abrasive liquid 115 which contains water or a small amount of surfactant contains 
particles of diamond, alumina, silicon oxide, iron oxide, cerium oxide, zirconium oxide, or the like 

The polishing plate 12 consisting of such an elastic member is rotated by the motor 100 An optical 
fiber connector 110 is then urged against the a V-shaped or earthenware-like inclined surface of the 
polishing plate 12 supported by the outer and inner cylinders 25 and 26. and is polished white the abrasive 
liquid 115 is fed from a nozzle 116. At this time, the connector 110 is urged against the polishing plate 12 
while it is rotated about its central axis. As a result, the connector 1 10 is polished into a curved surface 

As shown in Fig. 3. this optical fiber connector 110 houses an optical fiber 112 in a through hole 111a 
formed at tine center of a ferrule 111. The optical fiber 112 is fixed by an adhesive agent. Reference 
numeral 114 denotes an end face of the ferrule 111. An end of the optical fiber 112 slightly extends outward 
from the ferrule 111 and is brought into contact with the polishing plate 12 so as to be polished. The optical 
fiber connector 110 having the above arrangement is fixed and held by a connector chuck 126 The 
connector chuck 126 is coupled to the shaft of a pulse motor 123 through a belt 125 and a pulley 124 The 
pulse motor 123 is controlled by a control circuit 120 constituted by a computer 121 and a pulse motor 
dnver 122. The pulse motor 123 periodically rotate the optical fiber connector 110 in the forward and 
reverse directions in accordance with a predetermined control pattern, as shown in Fig. 8. More specifically 
the number of pulses in the forward and reverse directions of the pulse motor 23 are controlled by the 
computer 121 . thus controlling the rotational direction and angle of the optical fiber connector 110 

With this arrangement, since the polishing plate 12 consists of. e.g., an elastic resin film material, the 
plate 12 may be extended upon swelling due to the abrasive liquid 115. may contracts due to dryino or 
may be elongated due to tension. Even if there is a factor of variation in tension due to such 
elongation/contraction of the material, since the central portion of the polishing plate 12 is displaced by the 
coM spring 31 and the tension applying shaft 23, a constant tension is always applied to the polishing 
surface of the inclined surface, thus performing constant polishing with "good reproducibility and ensuring 
geometric precision. s 

Fig. 2 is a view for explaining polishing modes. Reference symbol Ka denotes a state wherein the 
polishing plate 12 has a V-shaped inclined surface; and Kb. a state wherein a conventional polishing plate 
has a flat surface. " K 

Processing efficiency of the two modes will be described first. The feed efficiencies of the abrasive 
liquid 115 are different from each other. More specifically, when the polishing plate 12 is rotated at high 
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speed, the abrasive liquid 115 is scattered in the circumferential direction because of a centrifugal force. 

For this reason, as is apparent from Fig. 2, if the polishing plate 12 is set jn the state Kb, the abrasive 
liquid 115 cannot easily flows between the optical fiber connector 110 and the polishing plate 12. However, 
if the polishing plate 12 is inclined as in the state Ka t the flow of the abrasive liquid 115 is promoted 

5 because of the fact that the abrasive liquid 115 flows along the inclined surface and the effect of a wedge 
defined between the end face of the connector 110 and the polishing plate 12, thus obtaining a high 
processing efficiency. With regard to processing modes, the end face of the connector 110 is flat in an 
initial period of polishing, and the entire edge portion of the end face of the connector 1 10 is polished in the 
state Kb of the polishing plate 12. In contrast to this, according to the mode wherein the polishing plate 12 

io is in the state Ka, since part of the edge portion of the end face of the connector 110 is polished, a high 
processing pressure is locally generated, a high processing efficiency can be obtained due to the 
synergetic effect of the high feed efficiency of the abrasive liquid 115. 

in order to obtain a predetermined curvature radius by inclining the polishing plate 12 as in the state 
Kb, the connector 110 is moved downward by a depth denoted by reference symbol 5 in Fig. 2. With an 

75 increase in indentation depth, stress on the polishing plate- 12 is increased, thereby greatly damaging and 
wearing the polishing plate 12. In contrast to this, in the mode wherein the polishing plate 12 is set in the 
state Ka, in order to obtain the same curvature radius, a small indentation depth d is required as shown in 
Fig. 2, thereby improving durability and wear resistance. 

Controllability of the curvature radius will be described below. Fig. 4 shows an experiment result when 

20 the conventional flat polishing plate is used as indicated by the state Kb. In this case, the curvature radius is 
controlled by an indentation depth of the connector 110 urged against the polishing plate surface. When the 
indentation depth exceeds a given value, the strength of the polishing plate material falls in its plastic 
deformation range. For this reson, a small curvature radius cannot be obtained. Fig. 5 shows controllability 
of the curvature radius when the polishing plate 12 of this embodiment is used in the state Ka. The 

25 curvature radius can be changed in a wide range by only changing the inlination angle (conical angle) of the 
polishing plate 12. 

The fiber connector 1 1 0 is rotated in the forward and reverse directions in this manner for the following 
reason. 

It is already known that when an object to be processed is urged against an elastic polishing plate 

30 rotating at high speed so as to be polished, a pressure distribution at the contact surface between the 
polishing plate and the object varies depending on positions at the contact surface. 

Figs. 6A and 6B are views for explaining this phenomenon. Fig. 6A shows a state wherein the connector 
110 is urged against the elastic polishing plate 12. Fig. 6B shows a distribution of pressure P at the contact 
surface. Referring to Fig. 6A, when the polishing plate 12 is rotated at high speed in a direction indicated by 

35 an arrow in Fig. 6A, the pressure distribution at the contact surface between the polishing plate 12 and an 
object W to be processed becomes large at the inlet side and tends to be decreased toward the outlet side, 
as shown in Fig. 6B. Since processing efficiency in polishing is proportional to a pressure, it is apparent that 
if polishing is performed in the state shown in Fig. 6A, central symmetry is lost. For this reason, in this 
embodiment, in polishing of the end face of the optical fiber connector 110, the connector 110 is rotated in 

40 the forward and reverse directions to obtain central symmetry and to reduce eccentricity. 

Figs. 7A and 7B are views for explaining a scheme of rotating the optical fiber connector in the forward 
and reverse directions. Fig. 7A shows a conventional scheme. Fig. 7B shows a scheme of providing 
forward/reverse rotation according to the present invention. As shown in Rg. 7A, in the conventional 
scheme, a rotational angle of 360* or more is normally provided, and a forward rotational angle CD is equal 

45 to a reverse rotational angle (2). Therefore, a reverse position is always at a position A, and this positional 
relationship is always maintained. As the connector 110 is stopped at the time of reverse rotation, 
eccentricity occurs due to the difference in processing efficiency as described with reference to Figs. 6A 
and 6B. 

Rg. 7B shows a processing method according the present invention. Since a difference in rotational 
so angle is set between a forward rotational angle <3) and a reverse rotational angle ©, a reverse position 
which is initially set at a position A is moved to a position B corresponding to the angle difference after one 
cycle of forward/reverse rotation. The reverse position is moved by repeating this cycle. When the reverse 
position reaches a position of 180" or 360"^with respect to the position A, if the forward rotational angle ® 
and the reverse rotational angle © are reversed, and forward/reverse rotation is performed by cycles equal 
55 in number to cycles of the preceding rotation, the reverse position returns to the ppsition A. In this manner, 
polishing is performed by continuously rotating the fiber connector in such a manner that the reverse 
position is always moved from an immediately preceding position without stopping at a given position. 
Therefore, eccentricity which is caused as the connector stops at the reverse position can be greatly 

5 
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upper surfaces are set in contact with the lower surface of the polishing plate 12. 

As has been described above, according to the present invention, high processing efficiency can be 
obtained because of the synergetic effects of the polishing mode and the feed efficiency of abrasive liquid. 
The curvature radius of a rod end face can be arbitrarily controlled in a wide range by changing the 
s inlination of a polishing plate. In addition, by employing the means of applying a tension to the both outer 
and inner cylinders having different diameters and the polishing plate, a constant tension can always be 
applied to the polishing surface of the polishing plate. Therefore, stable polishing with excellent reproduc- 
ibility can be performed, and geometric precision can be ensured. Furthermore, in the above embodiments, 
the present invention is applied to processing of a connector end face. However, the same effects can be 
w obtained if the present invention is applied to various fields of processing other than processing of rod 
members, e.g.. processing of glass such as an optical lens, crystals, metals, and ceramics. 

In the above embodiment, the heights of the cylinders 25 and 26 are different from each other. 
However, these heights may be equal to each other. 

75 

Claims 

1. A method of forming a curved surface, wherein a polishing plate consisting of a film-like elastic 
member is supported at two positions, i.e., central and peripheral portions thereof, and is rotated while two 

20 cylinders having different heights and diameters are urged upward against portions between the central and 
peripheral portions of said polishing plate, and an object to be processed is urged downward against a 
surface formed between said two cylinders while the object is rotated, thereby forming a curved surface. 

2. A method according to claim 1, wherein said surface between said two cylinders is an inclined 
surface 

25 3. A method according to claim 1 , wherein the peripheral portion of said polishing plate is fixed, and the 
central portion thereof is spring-biased downward. 

4. A method according to claim 1 , wherein the peripheral portion of said polishing plate is fixed on a 
rotary base, and the central portion of said polishing piate is fixed to a shaft portion extending through a 
hole formed in a central portion of said rotary base, said shaft portion being spring-biased against said 

30 rotary base, and said outer and inner cylinders are arranged on said rotary base. 

5. A method according to claim 1, wherein said polishing plate consists of a cellulose resin containing a 
fiber element as a major component, the fiber element containing cellulose as a matrix. 

6. A method according to claim 5, wherein the cellulose resin is obtained by blending 10 to 50 wt% of 
camphor and 20 to 60 wt% of ethanol with 10 to 50 wt% of a fiber element. 

35 7. A method according to claim 6, wherein the fiber element contains a hydroxyl group as a functional 
group. 

8. A method according to claim 1 , wherein said polishing plate consists of a composite resin containing 
a cellulose resin containing a fiber element as a major component, the fiber element containing cellulose as 
a matrix. 

40 9. A method according to claim 8, wherein the composite resin is obtained by blending 20 wt% of an 
element selected from the group consisting of a nylon resin, a foamed urethane resin, a vinyl chloride resin, 
and a fiuoroplastic with a cellulose resin. 

10. A method according to claim 1, wherein while the object is urged against said polishing plate, an 
abrasive medium containing particles (abrasive grains) is fed to a contact surface between the object and 

45 said polishing plate. 

11. A method according to claim 1, wherein the object is alternately rotated in forward and reverse 
directions. 

12. A method according to claim 11, wherein a reverse position of forward rotation and reverse rotation 
is different from an immediately preceding reverse position. 

so 13. A method according to claim 11, wherein the reverse position is shifted by setting rotational angles 
of forward rotation and reverse rotation to be different from each other. 

14. A method according to claim 13, wherein the number of cycles of forward rotation is set to be equal 
to that of reverse rotation. 

15. An apparatus for forming a curved surface, comprising: 
55 a polishing plate consisting of a film-like elastic member; 

a rotary plate for supporting a peripheral portion of said polishing plate; 

two cylinders arranged on said rotary plate and having different heights and diameters; 

means for spring-biasing a central portion of said polishing plate downward; and 

7 
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resin, aao , tluoraptooo with a cMlutee risn ' '° ame< ' ur9,han9 ,esl "' 3 a*** 

- S^SSSVESST ^ ' * *— " « — —» -nm+ -Peats M ^ 

30. An apparatus according to claim 15. wherein 
-een a« « aa. _ ^ ^ ^iS^-.^ 



20 

fun 

24 

cor 
cell 

25 
30 
35 



50 



55 



<EP 0352709A2J_> 



8 



EP 0 352 709 A2 




EP 0 352 709 A2 




FI G.3 



EP 0 352 709 A2 





XDCID: <EP 0352709A2_I_> 



EP 0 352 709 A2 



12 




F I G.6(B) 



FI G.6(A) 




FI G.7(A) 




FI G.7(B) 



(+) 
t 

(-) 



It 














ROTATION ANGLE 




111 

A 












1 " 



FI G.8 



EP 0 352 709 A2 





KDCID: <EP_0352709A2_I_> 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iiiifliiiiiiiin 

© Publication number: 0 352 709 A3 



© Application number: 89113618.6 
{§) Date of filing: 24.07.89 



EUROPEAN PATENT APPLICATION 

© Int. CI. 5 : B24B 19/22 



© Priority: 26.07.88 JP 184751/88 
27.07.88 JP 1 85357/88 

© Date of publication of application: 

31.01.90 Bulletin 90/05 

© Designated Contracting States: 
CH DE FR GB LI SE 

(S) Date of deferred publication of the search report: 

17.04.91 Bulletin 91/16 



© Applicant NIPPON TELEGRAPH AND 
TELEPHONE CORPORATION 
1-6 Uchlsafwalcho 1-chome Chiyoda-ku 
Tokyo(JP) 



© Inventor: Watanabe, Junjl 
3-33-20, Tsudacho 
Kodaira-shi Tokyo(JP) 
Inventor: Saitoh, Tadao 
3-29-16, Maeharacho 
Koganei-shi Tokyo(JP) 
Inventor: Matsunaga, Kazuo 
3526-3, Kawajirl Shlroyamamachi 
Tsukui-gun Kanagawa(JP) 

© Representative: von Samson-Himmeistjerna, 
Frredrich R. DipL-Phys. et al 
Samson & Bulow Widenmayerstrasse 5/1 
W-8000 MUnchen 22(DE) 



© Method and apparatus for forming curved surface. 



3 

as 
o 

CM 

in 



Ul 



© In a method and apparatus for forming a curved 
surface, a polishing plate consisting of a film-like 
elastic member is supported at two positions, i.e.. 
central and peripheral portions thereof, and is rotated 
while two cylinders having different heights and di- 
ameters are urged upward against portions between 
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the central and peripheral portions of the polishing 
plate, and an object to be processed is urged down- 
ward against a surface formed between the two 
cylinders while the object is rotated, thereby forming 
a curved surface. 
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